In Poland the cultivation of the fibrous form of flax (Linum usitatissimum L.) is dying out, but the acreage of its oilseed form, linseed, which provides seed (Semen lini) used in therapy and being a source of -linolenic acid, is expanding. Nowadays, linseed is grown in 64 countries of the world, but yield levels in these countries vary greatly. Under European conditions, seed yield of linseed shows high variation, which is evidence of little knowledge of the biology of this plant and the lack of precise cultivation solutions in agricultural technologies used. A major reason is the difficulty in obtaining optimal crop density. A sparse crop results in low above-ground biomass yield, which is translated into insufficient crop yields. The selection of highly productive domestic and foreign varieties can partially increase linseed yield; apart from some domestic varieties, the Canadian cultivar 'Flanders' and the Hungarian cultivar 'Barbara' are positive examples in this respect. There is a possibility of effective selection at early stages of linseed breeding, which bodes well for the prospect of obtaining highly productive varieties with normal or very low -linolenic acid content.
INTRODUCTION
The forms of flax (Linum usitatissimum L.) distinguished based on systematics and use, that is, fibre flax, intermediate flax, and linseed, have different morphological and qualitative traits as well as different agronomic and climatic requirements. For these reasons, the cultivation of flax for fibre, growing both the fibrous and intermediate form of flax due to very good adaptation of these two types of flax to the colder conditions of the temperate climate, had a major importance in our country from the most ancient times until the end of the 19 th century. In the past, growing fibrous or intermediate flax and processing flax straw for fibre were common. Obtained as by-product yield, flaxseed provided oil after pressing, which was originally used in whole for consumption purposes, but later also in industry. Moreover, seeds of all commercially used forms of flax are not laden with any narcotic compounds, therefore they have long been a safe food product, unlike seeds of cannabis -a fibrous plant of similar use.
In the 1990's, in most European countries an attempt was undertaken to restore the cultivation of linseed, treating it as an alternative agricultural crop. This effort was driven by the desire to gain a deeper knowledge of non-health-related properties of seed and oil (S i Given the significant decrease in fibre flax acreage after 2000, in Poland there is now a need replace its cultivation with linseed, since in this way linseed seed and oil as well as press cakes and extracted meal can be obtained, and not only through import. The impetus for these efforts is the unique composition of linseed oil and its seed. Compared to other oilseed plants, linseed seed is the most effective and stable source of n-3 -linolenic acid (Z a j ą c et al. 2010) .
Due to the beneficial health-promoting properties of linseed seed and oil, in particular ethyl esters of this oil, there is now a need to analyse and verify the obtained research results (R e g u ł a -S a r d a t et al. 2008) . Such efforts will undoubtedly allow us to get to know better and understand the agrotechnology of linseed and will enable the development of the fundamentals of agrotechnology, whose implementation is necessary due to the need to maintain this agricultural crop in cultivation. The growing use of various flax--based products will become a stimulus for the expansion of linseed area harvested.
THE ORIGIN AND CULTIVATED FORMS OF FLAX
The genus Linum L. is a member of the family Linaceae and this taxon includes more than 200 species found across the globe (H o n e r m e i e r , 2006). Flax (Linum usitatissimum L.), also known as common or cultivated flax, is a diploid (2n=30) and, at the same time, the only species of the family Linaceae which is of agricultural importance (H e y w oo d , 1978, cited after G ü r b ü z , 1999). The generic name Linum, known to the Greeks and Romans, comes from the Celtic word lin -thread (R u m i ń s k a , 1990). The other word usitatissimum in the species name, given by Carl Linnaeus, means very useful, which directly refers to its multiple applications and their importance. This taxon is a collective species which includes the dehiscent flax group. H a n e l t (2001) divided flax Linum usitatissimum ssp. usitatissimum into several groups of botanical varieties, among which three varieties, notably convar. crepitans, usitatissimum, and mediterraneum, are still of major importance in cultivation. Convar. crepitans is dehiscent flax, an old and primitive spring form, with a barely 40-day growing period and whose capsules dehisce after ripening. This taxon can now be found in the mountainous regions of Portugal and Spain as well of Austria and Russia -as a relict cultivated plant, but it is slowly disappearing, since it produces oil and fibre of low quality. Convar. usitatissimum is fibre flax with a long stem and closed capsules. It has high water requirements and develops well in the colder regions of temperate climate, but nowadays, apart from Europe, it is also encountered in Asia, both Americas, and Australia. N o w i ń s k i (1970) stresses that the old civilisations greatly appreciated this botanical variety as a provider of fibre necessary for making fabrics and clothes, whereas seed oil production was of lesser importance to them. The large-seeded flax forms with a short stem, which develop best in a warm and dry climate and which provide seeds and oil, are derived from convar. mediterraneum, hence they should be considered to be the protoplast of linseed.
The seed of cultivated forms of flax, called flaxseed (Semen lini), has long been used as a therapeutic agent, especially useful in treatment of digestive tract diseases, since it exhibits dietetic, purgative, and protective effects (R u m i ń s k a , 1990). H a n e l t (2001) thinks that the oldest form of flax use was the consumption of whole seeds, or they may have been crushed or ground before their consumption, and then seeds in this form were added to dough from which bread was baked, e.g. in Ethiopia. W a k j i r a et al. (2004) report that in Ethiopia linseed has been grown since the ancient times and currently this country has one of the larger acreages of this type of flax at the global level (Table 1) . Under the warmer temperate climate conditions, linseed occurs as a winter plant. In the Mediterranean Sea basin, local cultivars have long been grown, mainly facultative varieties of linseed, that is, varieties that can produce seed yield irrespective of the time of sowing -in autumn or in spring ), since they have the same number of chromosomes (2n = 30) and can be crossed with each other, as a result of which fertile hybrids are produced being valuable recombinants which increase the variation in species traits and, more importantly, in commercial traits. The domestication of the narrow--leaved flax took place in several centres across the world, though at different times. The transformation of the wild narrow-leaved flax into a cultivated species, common flax, was possible thanks to a systematic and long-lasting selection that had been going on since the Neolithic Age, as a result of which the spontaneous dehiscence of capsules was eliminated and the weight of seeds was increased by increasing their size -which are commercially important traits for linseed. Due to the selection taking place with fibre flax, the stem length was increased and this enabled an increase in the number of fibre bundles in a single stem (L i t y ń s k a -Z a j ą c and W a s y l i k o w a , 2005).
In addition to common flax, biennial flax (L. bienne Mill.), Linum humile Mill., and perennial flax (L. perenne L.) are also derived from the wild narrow-leaved flax. Linum perenne is a perennial found on limestone rocks of mountains and foothills. In these habitats, it forms clumps of plants which produce stems 60-100 cm high with light blue flowers that bloom in June and July. Today, the low habitat requirements of this species are appreciated; coupled with covering the soil with vegetation all year round, this provides good protection of the soil plough layer against sheet erosion in the undulating areas of Germany (W e i k et al. 2002) . Purging flax (Linum catharticum L.), also called fair flax, grows in the wild in Poland (R u m i ń s k a , 1990).
In the past, Austrian flax (Linum austraicum L.) was grown in Poland and in the whole of Central Europe; in Poland this taxon is only found in warm and well--insolated sites. Nowadays, it is encountered only in the area of Przemyśl. It is a thermophilous, slow growth perennial and therefore both in lowland and upland it blooms at the height of the summer, thus 1-2 months later compared to common flax. This species is less productive and hence more primitive; that is why its cultivation was abandoned in the past and replaced with common flax, known already in Biskupin (W o y k e and M u -ś n i c k i , 2003).
H a r l a n (1971) emphasises that flax was grown earliest in the Near East, which took place around 7300 BC, whence it came to Greece together with other domesticated plant species, probably 8000 years ago. Flax, together with the oldest species, among others, emmer wheat Triticum turgidum L. ssp. dicoccum Schüb. and einkorn wheat T. monococcum L., initiated the development of agriculture and, at the same time, of the ancient civilisations in the Fertile Crescent area (Z o h a r y , 1999). Around 6600 BC, the peoples of the Linear Pottery culture transferred the knowledge of flax cultivation and use from the Near East region to the area of central Europe, including the area of today's Poland. Table 1 shows the crop area of the leading commercial forms of flax -linseed and fibre flax, at the global level in the first decade of the 21st century, including seed yield per hectare and total production. The source of this statistical information is FAOSTAT (2011) which records flax cultivation in 64 countries. D u r r a n t (1976), cited after Z a j ą c et al. (2010), showed that linseed, in spite of the fact that it belongs to very old cultivated plants, was grown only in slightly more than 30 countries of Asia, Europe, America, and Africa (in the Ethiopian centre) at the turn of the 60's and 70's of the 20th century. Linseed, which occupied an area of 2112 thousand hectares in 2009, is now predominant in cultivation in the world. Nevertheless, there is a noticeable tendency towards a reduction in harvested area of linseed which in several countries -Canada, India, Ethiopia, and the USA -is the only form of this species that is grown. Although seed yield per unit area is low, yet it shows an increasing trend, which allows one to expect that this commercial form of flax will maintain its place among agricultural crops. In the global scale, linseed competes for its place in agricultural space with soybean, as a major oilseed crop, while in Europe also with oilseed rape. As a result of the low level of linseed yield, similarly as in the case of field pea, a progressive marginalization of these species can be observed in cultivation in favour of soybean (world) and oilseed rape (Europe) as the leading oilseed crops which provide the largest amounts of plant protein in extracted meal for livestock (K l i m e k and Z a j ą c , 2009). This adverse trend, on the one hand, reduces biodiversity in agriculture, and on the other hand, it introduces the cultivation of GMO varieties of soybean and oilseed rape. In the last reporting period -2009, Canada had the highest share in the production of linseed seed across the world -43.8%, followed by China -15.0%, India -7.95%, USA -8.89%, and Ethiopia -7.10%, whereas Europe accounts for 12.1% of this production. Ethiopia's linseed acreage has increased significantly as a result of broad-based research on local varieties and ecotypes, which have been confronted, in terms of their productivity and seed oil content, with the leading varieties supplied from Canada and the USA, the countries being the scientific and financial partners for this project (W a k j i r a et al. 2004). In these both countries from the North-American agricultural district of the world, seed yield of linseed is systematically growing, thereby the total share of these two countries in global linseed production exceeds 50%, thus making them leading exporters of this agricultural produce. In Canada, linseed ranks sixth in importance among agricultural crops (J o h n s t o n et al. 2002) . A quicker decline in fibre flax acreage is observed than in the case of linseed, which can be partially attributed to the presently increasing acreage of GMO varieties of cotton. The noticeable decrease in fibre flax cultivation in favour of cotton over the centuries has probably resulted from the lack of bodies of water in the arid areas of the subtropical zone. It is known that flax straw processing requires large amounts of water necessary in both dew and water retting of flax straw, and water is usually in short supply in such areas, therefore the mankind has done the right thing in choosing cotton as the primary source of fibre and replacing flax with this species. In Europe, the area occupied by linseed has been decreasing faster than at the global level (Table 2). It can be assumed that the causal agent was the expansion of the cultivation of winter oilseed rape as a species that is currently the most effective for agriculture in terms of production. However, in animal feeding it is strongly recommended to use press cakes and extracted meal as well as ground seeds of oilseed plants, mainly oilseed rape and flax, liquid fish, and plant oils in order to increase in animal products the content of necessary unsaturated fatty acids (UFA) which guarantee a reduced cholesterol content in meat, milk, and egg yolks (Ć w i e k , 2006). Some parts of linseed seeds left after oil pressing are used for the production of milk substitutes for calves, which clearly shows the multiple and diverse applications of flax-based products.
FLAX ACREAGE
High linseed yield of 1.99 t × ha -1 (data for 2009) is obtained in the United Kingdom. However, large year-to-year variation in acreage is observed in this country, which proves the significant effects of business cycle factors (Table 2 ). In the United Kingdom and Ireland, intermediate flax is still grown both for textile purpose -the production of fibre used for making textiles and paper -and for seed used to extract linseed oil (F o s t e r et al. 1998; A p p e l , 1991). The above-mentioned authors stress that this double-purpose cultivation is more stable economically compared to the typical production of fibre flax (flax straw + seed as by-product yield), which is very sensitive to business cycle changes. In terms of linseed production in Europe, the countries specified in Table 2 had a total share of 81.1%. Currently, Germany is missing from the group of European countries with developed flax cultivation, though quite recently D i e p e n b r o c k (2001) suggested that linseed should be considered to be the third ranking oilseed crop in terms of economic importance, alongside oilseed rape and sunflower. 
YIELD OF FLAX VARIETIES
During the ontogenetic development of linseed plants, seed yield components develop in the fixed, biologically determined order, that is, in the following order: the number of plants (stems) per 1 m 2 , then the number of capsules per plant (stem), and subsequently the number of seeds per capsule, whereas at the final stage of the growing season (maturation stage) 1000 seed weight is determined (Č a n d r a k o v a and B a k ul a , 2001; Z a j ą c and O l e k s y , 2010). According to Č a n d r a k o v a and B a k u l a (2001), for yield in the range of 4.5-5.0 t × ha -1 (a very high level, rather unattainable), the values of the successively developing linseed yield components should be as follows: number of stems per 1 m 2 600-700; number of capsules per stem 15-22; number of seeds per capsule 8-9; 1000 seed weight (g) 5.5-6.0; above-ground biomass yield 9.0-10.0 t DW ha Under field conditions, plant density, followed by the number of seed capsules per stem and seed weight, have the largest contribution to the formation of yield components, whereas the number of seeds per capsule has a smaller effect on the amount of yield due to the genetic conditions of linseed. The ranges of linseed yield presented in Table 3 are similar to the results of experiments and agricultural practice in Poland and in the world (Tables 1 and 2 ). W i t k o w i c z et al. (2005) estimated that the proportion of the explained (regression) variation in linseed yield in the total variation was 68%, out of which the individual effect of plant density was 24%, while that of the number of capsules, number of seeds per capsule, and 1000 seed weight was, respectively: 15.0, 3,0 and 26%. As determined by Zając et al. (2005) , the harvest index for linseed primarily depends on the growing season and cultivar, and the range for this trait was from 0.31 to 0.51, which means that growing season conditions strongly . Above-ground dry matter yield, estimated for the successive plant growth stages, is an expression of potential productivity of a linseed crop (Fig. 1) . In line with the expectations, the rate of increase in dry weight of linseed plants per 1 ha had the shape of an S-curve, and the same correlation direction was also described in an earlier paper (Z a j ą c et al. 2002) .
Productivity of a linseed crop at characteristic growth stages can be presented by using many parame- ) was, respectively: 2.0, 6.0, and 1.2. Such data show that in the years with adverse weather conditions the linseed crop managed to produce satisfactory seed yield, even with the small area of leaf blades. The distribution of dry matter among above--ground plant parts can be inferred based on the value of LAR (B a z z a z and H a r p e r , 1977; M a r s h a l l et al. 1989). Table 3 Mean values and their ranges for particular linseed yield components with planned productivity (t × ha Z u b a l (2001) underlines that too low linseed stem density per unit area obtained under field conditions, which reflects to a small extent the actual amount of seeds sown, results in lower yields. It was probably due to this reason that under the conditions of Slovakia the linseed seeding rate of 6, 8, 10, and 12 million germinating seeds was found not to have a significant effect on yield of two cultivars. This is evidence that habitat conditions strongly influence stem density in a given year and that the seeding rate has a small effect of 500 seeds in seed crops and a higher seeding rate of 1500 seeds in fibre crops, and they found that dense sowing increased raw fibre yield by 25% as a result of the increased technical length of stems. Seed yield obtained from a densely sown linseed crop increased insignificantly, since intraspecific competition in the excessively dense crop canopy caused a decline in seed yield components. This confirms the need to achieve optimal density in linseed crops grown for seed. A justified view, with a high degree of probability, can be formulated that too low density of linseed plants adversely affects seed yield obtained, despite that cultivars of this species, at low plant density, seek to compensate and increase stem density in the crop by the branching of plants at their base or by increasing panicle branching (H o c k i n g , 1995; Z a j ą c , 2004). 1995) . This author showed that increasing nitrogen rates (mg × dm -3 ): 14, 35, 70, 140, 210, 350, 700 , stimulated the formation of lateral branches by plants; this process started relatively late, since it took place from day 44 until day 72, counting from the date of sowing. Medium nitrogen rates gave at least a 50% proportion of lateral branch capsules in the total amount of fruit per plant. Increased nitrogen fertilization changed the ratio between above-ground and underground parts of linseed plants. High nitrogen rates reduced the number of seeds per capsules, including a reduction in their weight as well as a decrease in oil content and oil yield, hence one cannot recommend such a level of fertilization under field conditions due to increased plant lodging, and this form of damage leads directly to reduced yields and hinders harvesting of seed from linseed plants.
Z a j ą c (2004) established that under field conditions the intensity of branching in plants of linseed varieties with different seed colours primarily depends on the initial density of young plants and, to some extent, also on weather conditions directly after sowing, in April and May. In years with weather conditions favourable for linseed growth, from 23 to 40% of plants in a crop branched out, which was translated into a measurable production effect. The biosocial position of a shoot in the plant determined the dimensions of the structural traits. The dominance of the main stem over lateral branches was noticeable, and it was evident in particular in relation to the number of capsules developed. Among the main factors limiting good yield of linseed grown for seed, B r a m m and D a m b r o t h (1992) include the nitrogen rate; in their opinion, the rate of not less than 60 kg N × ha -1 gives the possibility of obtaining a density of 450 plants (stems) per 1 m 2 , which creates the prospect of satisfactory yields.
Canadian linseed varieties, in particular the brown-seeded ones, are considered to be particularly well adapted to temperate climate conditions, since they are marked by higher vigour than the yellow--seeded varieties (S a e i d i and R o w l a n d , 1999). Table 5 . These linseed cultivars belong to the Solin type, therefore they are characterized by yellow seed colour and reduced -linolenic acid content, up to 2% in total acid content. Measurable outputs of this qualitative breeding of linseed include seven cultivars that have an increasingly shorter growing period and a decreasing height of the stem, which improves the harvest index. In the successive cultivars from this family, protein content increased more strongly, while oil content increased to a lesser degree, which proves a constant improvement of the qualitative characters resulting from the ongoing breeding programme. Oil from Linola TM linseed cultivars was to be used for margarine production, replacing sunflower oil in this process, but due to a change in the fatty acid profile it lost its nutritional properties. It should be stressed in particular that linseed oil (except for that obtained from the Solin type) contains two polyunsaturated long-chain fatty acids, that is, -linolenic acid ( -LNA) and linoleic acid (LA), which have the character of vitamin F. Since these acids are not synthesised in the tissues of mammals, they must be therefore supplied to humans in diet. In Hungary linseed breeding programmes were started in 1929. During the last 20 years, 13 cultivars have been registered (A n o n i m , 1999). The breeding of the cultivar 'Szegedi 62' in 1981, which produced seed yields at the highest world level, was a breakthrough in the Hungarian linseed breeding programme. The next cultivar 'Sandra' was registered in Hungary in 1987; it was characterized by a short growing season and developed short stems, which produced short straw resistant to lodging; at the same time, it was the first Hungarian patented cultivar. After its registration, the proportion of this cultivar in the linseed crop structure in Hungary was 80%. The next Hungarian cultivar was 'Barbara', registered in 1989, which likewise 'Sandra' was characterized by a short growing season and short straw, which probably led to its wide spread in different countries. This cultivar dominated in the United Kingdom both in terms of area occupied and seed yield (4.4 t ha -1 ). In a comparative study on productivity of cultivars in the United Kingdom, 'Barbara' became the only cultivar from outside Canada used as a standard to compare yields (S a e i d i and R o w l a n d , 1999). Together with the Canadian cultivars 'McGregor', 'Flanders', and 'NorLin', it was a reference for productivity of British cultivars (F r o m e n t et al. 2000).
In the study on linseed breeding conducted by G ó r a l et al. (2006), it was demonstrated that 'Linola TM 947' and 'Opal' were characterized by a significant, positive general combining ability for stem height and number of capsules per plant, which means the effectiveness of selection in early hybrid generations. In recombination breeding aimed at increasing seed yield, the cultivars 'Barbara' and 'Linola TM 947', characterized by the opposite sign of general combining ability for number of capsules per plant and 1000 seed weight as well as with positive effects as regards the number of capsules per plant, can be recommended (G ó -r a l et al. 2006) . In 2011 four linseed cultivars -two yellow-seeded ones: 'Jantarol' and 'Oliwin', as well as two brown-seeded ones: 'Szafir' and 'Bukoz', were registered in the national register of agricultural plant varieties.
SUMMARY
This paper presents the origin of commercial forms of flax and their contemporary importance for cultivation, taking into account yield levels obtained under experimental and agricultural practice conditions. Nowadays, an increased demand for flax-based products and food of high nutritional value is noticeable. Production of such food requires it to be enriched with linseed oil derivatives as a source of -linolenic acid. In the paper, changes in flax acreage are compared in the world (five countries) and in Europe (seven countries). Low flax yields, in the case of both commercial forms of flax -linseed and fibre flax, place this species in an unfavourable position in terms of production relative to major agricultural crops. The systematic decline in the acreage of flax at the global level and in Europe probably results from too low yields, from the point of view of farmers' expectations, from quickly increasing productivity of soybean (world) and oilseed rape (Europe) as well as from the competition of cotton as a source of fibre. Flax yield levels achieved in European countries are very variable from year to year, which is determined by low above-ground biomass yield and, as a consequence, low stem density in a crop; this in turn is influenced by agricultural technology and agroclimatic conditions of a given growing season. The selection of highly productive domestic and foreign varieties can partially increase linseed yield. Therefore, the research on potential productivity of new breeding lines will help choose those characterized by high yield levels; apart from new domestic varieties, the Canadian cultivar 'Flanders' and the Hungarian cultivar 'Barbara' are positive examples in this respect.
